Introduction
Kerns and Bushel wrote that the era of toxicogenomics has introduced a new way of monitoring the eŠect of environmental stressors and toxicants on biological systems through the quantiˆcation of changes in gene expression. Since the liver is one of the major organs for the synthesis and secretion of substances that metabolize endogenous and exogenous materials, much research eŠort has aimed to elucidate the predictive and mechanistic genomic markers of hepatotoxicity (1) . Although DNA microarray and qPCR are often used for this purpose (2) , qPCR is the method of choice for the speciˆc and sensitive quantiˆcation of nucleic acid expression (3) .
According to the IARC (International Agency for Research on Cancer) carcinogen classiˆcation, chrysene (CASRN 218-01-9), a polycyclic aromatic hydrocarbon (PAH), is a 2B class chemical (possibly carcinogenic to humans), i.e., limited evidence of carcinogenicity in humans and less than su‹cient evidence of carcinogenicity in experimental animals (4) . According to the IARC monograph, human exposure to chrysene occurs primarily through the smoking of tobacco, inhalation of polluted air and by ingestion of food and water contaminated by combustion eOEuent. Chrysene was tested for carcinogenicity in several studies by skin application to mice and produced skin tumors. Local tumors were observed following its subcutaneous injection in mice. Perinatal administration of chrysene to mice by subcutaneous or intraperitoneal injection increased the incidence of liver tumors. Chrysene was mutagenic to Salmonella typhimurium in the presence of an exogeneous metabolic system (5) . The in vivo mutagenicity of chrysene was observed in six organs (liver, spleen, lung, kidney, bone marrow, and colon) of lacZ transgenic mouse (Mutatrade markMouse) (6) .
Previously, in our Toxicogenomics/JEMS･MMS collaborative studies, we examined by using DNA microarrays the diŠerential gene expression induced by the application of 13 diŠerent chemicals: 8 genotoxic hepatocarcinogens [o-aminoazotoluene, chrysene, dibenzo[a,l]pyrene, diethylnitrosamine (DEN), 7,12-dimethylbenz [a] anthracene, dimethylnitrosamine, dipropylnitrosamine (DPN) and ethylnitrosourea (ENU)], 4 non-genotoxic hepatocarcinogens [carbon tetrachloride, di(2-ethylhexyl)phthalate, phenobarbital (PB) and trichloroethylene], and a non-genotoxic non-hepatocarcinogen [ethanol] . The DNA microarray analysis was conducted on 9-week-old male B6C3F1 mouse liver samples starting 4 h and up to 28 days after a single intraperitoneal administration. Dozens of candidate genes were found to discriminate the genotoxic hepatocarcinogens from the non-genotoxic hepatocarcinogens; these results with home-prepared DNA microarray (selected 268 genes) were reported in part for DEN, DPN, PB, and ethanol (7) and those with AŠymetrix GeneChip Mu74AV2 (12,000 genes) were registered in the GEO database (GEO accession GSE33248 by Suzuki T. and Yang L.). Consequently we selected from previous studies the present 50 candidate genes which discriminate genotoxic hepatocarcinogens from non-genotoxic hepatocarcinogens in mouse liver. Our previous results showed that most of candidate genes exhibited increases in gene expression and few genes such as Egfr, Lrp1 and Mbd1 exhibited decreases after treatment with genotoxic hepatocarcinogens. Additionally, dosedependent alterations in the gene expression of 31 out of 51 of the examined candidate genes were demonstrated 4 h and 28 days after the administration of DEN (3, 9, 27 and 80 mg/kg bw, 1/40-1/2 of 50z of lethal dose (LD50)) and ENU (6, 17, 50 and 150 mg/kg bw, 1/80-1/3 of the LD 50 ), as determined by qPCR (8) . We recently successfully discriminated between 8 genotoxic mouse hepatocarcinogens (2-acetylamino‰uorene, 2,4-diaminotoluene, diisopropanolnitrosamine, 4-dimethylaminoazobenzen, 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone, N-nitrosomorpholine, quinoline and urethane) and 4 non-genotoxic hepatocarcinogens (1,4-dichlorobenzene, dichlorodiphenyltrichloroethane, DEHP and furan) using qPCR with 35 candidate genes and principal component analysis (PCA) for 12 selected genes associated with Trp53-mediated signaling pathway involved in the DNA damage response. This discrimination was demonstrated at 4 and 48 h after a single administration of the chemicals (9) . More recently, we succeeded in applying a similar study in rat liver. qPCR with 33 candidate genes and statistical analysis via PCA successfully diŠerentiate the genotoxic hepatocarcinogens (DEN and 2,6-dinitrotoluene) from the non-genotoxic hepatocarcinogen (DEHP) and the non-genotoxic non-hepatocarcinogen (phenacetin) (10) . The present study was a preceding study to determine the optimal examination time within 48 h of the administration of the genotoxic hepatocarcinogen chrysene for the clariˆcation of biomarker genes; to this end, we examined the gene expression proˆles at 4, 16, 20, 24 , and 48 h after the administration of this chemical. We supposed that 4 h was the time for DNA damage and repair, 16 h the time for DNA repair for some chemicals (11), 20 h the beginning of cell proliferation, and 24 and 48 h the time of cell proliferation (12, 13) .
In a preliminary study, we examined these timecourse changes in the gene expression proˆle in the mouse liver 4 to 48 h after the administration of chrysene, using home-prepared DNA microarrays (glass slide: Gene Slide, Toyo Kohan Co. Ltd., Tokyo, Japan; Gene Arrayer: Kaken Geneqs Inc., Chiba, Japan; 40-47-mer unmodiˆed oligonucleotides for 140 genes: Invitrogen Japan K.K., Tokyo, Japan). The nucleotide sequences were applied to Japan Patent No. 2005-99843. The experimental procedures were similar to those described previously (7) . We extracted 50 candidate genes from the DNA microarray study (results not shown), and in the present study, we determined the gene expression proˆle of these 50 genes by qPCR, which is a powerful tool for the measurement of mRNA expression and is the gold standard for microarray gene expression data conˆrmation (14) .
Materials and Methods
Animal treatment: Thirty male 8-week-old B6C3F 1 mice were obtained from Charles River Japan, Inc. (Yokohama, Japan). The animals were maintained in plastic cages with wood chips as bedding and given food (Oriental MF, Oriental Yeast Co., Tokyo) and water ad libitum in an air-conditioned room (12-h light, 12-h dark; 23±29 C; 55±5z humidity). All of the animal experiments were conducted in accordance with the NIH Guide for Care and Use of Laboratory Animals and approved by the Animal Care and Use Committee at Aoyama Gakuin University. Groups of three 9-weekold mice were injected intraperitoneally (i.p.) with 0.2 mL (each mouse) of chrysene (100 mg/ kg bw; 1/3 of 50z lethal dose; Supleco, Bellefonte, PA, USA; CAS 218-01-9) suspended in olive oil. The control animals received olive oil. At 4, 16, 20, 24 and 48 h after treatment, the animals were sacriˆced, and the liver was collected, frozen on dry ice, and stored at -809 C until use.
RNA isolation: The total RNA was extracted from approximately 30 mg from each liver using Micro Igfbp1  GATCAGCCCATCCTGTGGAACG  TTCTCGTTGGCAGGGCTCCTTC  32  Jun  GCCAAGAACTCGGACCTTCTC  AGTGGTGATGTGCCCATTGCTG   33  Lcn2  CACCACGGACTACAACCAGTTC  GCTCCTTGGTTCTTCCATACAG  34  Lpp  CCGTGATTTC CATGTGCACT GC  CT TGGCCGTCAA GACCCTGATG   35  Lrp1  GGGCCATGAATGTGGAAATTGG  GTGGCATACACTGGGTTGGTG   36  Ly6a  CTTGTGGCCCTACTGTGTGCAG  GGGCAGGTAATTGATGGGCAAG  37  Mbd1  GGATCCTGACACTCAAGAATGG  GTTTGGGCTAACACAGGAAGAG   38  Mdm2  TTGATCCGAGCCTGGGTCTGTG  AAGATCCTGATGCGAGGGCGTC  39  Phlda3  TGGCTGGAACGCTCAGATCAC  TTAGGACACAAGGGTCCCAGTC   40  Plk2  CTGTTGAGAGCGTCTTCAGTTG  CCATAGTTCACAGTTAAGCAGC   41  Pml  GGCAAGAAGCGTCCTTACCTTC  GGACAGCAACAGCAGTTCAGTC  42  Pmm1  TCTCCCGAGGAGGCATGATAAG  CAAAGTCATTCCCGCCAGGAC   43  Ppp1r3c  TGGAAACCTGACGGAGTGCAG  GCAAGCCTTGGACTGCCAAAG  44  Psma3  GATCGACCCATCAGGTGTTTC  CACGGCAAGTCATTTCCTTCATCTG   45  Rad52  TGACGCCACTCACCAGAGGAAG  GCTGGAAGTACCGCATGCTTGG   46  Rcan1  GGTCCACGTGTGTGAGAGTG  TGGATGGGTGTGTACTCCGG  47  St3gal5  GCAGGTCATGCACAATGTGACC  CTGGGTGAGGTTTGCCGTGTTC   48  Trp53  TTGGACCCTGGCACCTACAATG  GCAGACAGGCTTTGCAGAATGG  49  Tubb2a  CGAGCTGACCCAGCAGATGTTC  CACGGCCGTCTTGACGTTGTTG   50  Tubb4b  TTGGCAACAGCACCGCTATTC  TCGGACACCAGGTCGTTCATG Smash MS-100 (Tomy Digital Biology Co., Ltd., Tokyo, Japan) and QuickGene-800 (Fujiˆlm, Tokyo, Japan) as described previously (8, 9) . Quantiˆcation by qPCR: The complementary DNA (cDNA) was obtained from the total RNA using the SuperScript First strand synthesis system for RT-PCR kit (Invitrogen Corp., Carlsbad, CA, USA) (8). We quantiˆed 50 candidate genes based on our previous DNA microarray and qPCR studies. The symbols, gene names and accession numbers of the 50 genes are summarized in Table 1 . The qPCR ampliˆcations were performed in triplicate assays using the SYBR Green I assay in an Opticon II instrument (MJ Research, Inc., Waltham, MA, USA). Reactions were conducted in a 96-well plate, and each reaction was performed in a volume of 20-ml containing 2× SYBR Green Master Mix (Applied Biosystems, CA, USA), 2 pmol of each forward and reverse primer and a cDNA template corresponding to 400 pg of total RNA. Each primer sequence is shown in Table 2 . The SYBR Green PCR conditions were 959 C for 10 minutes and 45 cycles of 959 C for 10 s, 589 C for 50 s and 729 C for 20 s. Each 96-well reaction plate included six standard samples of the liver cDNA, which was diluted to 1/5, 1/25, 1/125, 1/625 and 1/3125. Finally, the relative quantitative values of each sample were normalized with those found for the Gapdh gene (8) .
Data analysis and clustering algorithm: To use the cluster analysis program, we performed a logarithmic (log2) transformation of the data to stabilize the variance and the gene expression proˆle of each chrysene and control sample, which eŠectively normalized the data to the median gene expression level of the entire sample set. Each dataset obtained from the time points 4, 16, 20, 24 and 48 h after chrysene administration was subjected to both unsupervised hierarchical and unsupervised k-means clustering using the GENESIS software (http://genome.tugraz.at/) (15) .
Gene ontology, pathways, and network analysis: The gene ontology analysis was performed using The Gene Ontology (http://www.geneontology.org/), Cancer Gene census (http://cancer.sanger.ac.uk/cancer genome/projects/census/) and Tumor suppressor gene database (http://bioinfo.mc.vanderbilt.edu/TSGene/). The gene pathways and networks were generated with GeneSpringGX11.0.1 and Ingenuity Pathway Analysis (www.Ingenuity.com) as described previously (8) . The score in Table 4 indicates the likelihood of the focus genes in a given network being found together due to random chance. A score of À2 indicates that there is a º1 in 100 chance that the focus genes were assembled randomly into a network (8) . The results were conˆrmed with references in PubMed (http://www.ncbi.nlm. nih.gov/pubmed).
Statistical analysis: The data were statistically analyzed by Welch's t-test in Microsoft O‹ce Excel 2007 after the logarithmic (log2) transformation of the data. A p-value of less than 0.05 was recognized as statistically signiˆcant in the present study.
Results
Time-dependent alteration of the gene expression proˆle induced in the mouse liver with chrysene: The gene expression ratio (experimental group/control group; exp/cont) was calculated individually for each group (3 mice in triplicate assays) from the qPCR results. The mean±SD was determined, and the results were analyzed by Welch's t-test, unsupervised hierarchical clustering and unsupervised k-means clustering ( Table 3) . Total of 35 genes (Cyp1a1, Cyp1a2, Ly6a, Gadd45g, Igfbp1, Lcn2, Cyp2a5, Aldh3a2, Casp1, Casp4, Cdkn1a, Btg2, Gdf15, Phlda3, St3gal5, Bhlhe40, Egfr, Ccng2, Mdm2, Jun, Bax, Fkbp5, Crp, Hmox1, Gadd45b, Pmm1, Tubb2a, Ephx1, Lpp, Ppp1r3c, Hhex, Ccnf, Rcan1, Ccng1 and Tubb4b) exhibited statistically signiˆcant increases at least once within 48 h, as computed by Welch's t-test. Of these genes, 25 genes (Cyp1a1, Cyp1a2, Ly6a, Gadd45g, Igfbp1, Lcn2, Cyp2a5, Aldh3a2, Casp4, Cdkn1a, Btg2, Bhlhe40, Ccng2, Fkbp5, Crp, Hmox1, Gadd45b, Pmm1, Tubb2a, Ephx1, Lpp, Hhex, Ccnf, Rcan1 and Tubb4b) exhibited statistically signiˆcant increases of more than two-fold. Cyp1a1 and Cyp1a2 exhibited remarkably consistent increases in gene expression during 4 to 48 h. At 4 h, 15 genes (Cyp1a1, Cyp1a2, Ly6a, Gadd45g, Igfbp1, Lcn2, Casp4, Cdkn1a, Btg2, Bhlhe40, Ccng2, Fkbp5, Crp, Hmox1 and Gadd45b) showed statistically signiˆcant increase more than twofold. At 16 h, 6 genes (Cyp1a1, Cyp1a2, Lcn2, Fkbp5, Gadd45b and Pmm1) exhibited statistically signiˆcant increases of more than two-fold; 9 expression-increased genes at 4 h returned to the control level, 1 gene (Ly6a) decreased and 1 gene (Pmm1) increased. At 20 h, 7 genes (Cyp1a1, Cyp1a2, Ly6a, Cyp2a5, Aldh3a2, Gadd45b and Pmm1) exhibited statistically signiˆcant increases of more than two-fold; 9 expression-increased genes at 4 h returned to the control level, 2 genes (Gadd45g and Lcn2) decreased and 3 genes (Cyp2a5, Aldh3a2 and Pmm1) increased. At 24 h, 7 genes (Cyp1a1, Cyp1a2, Igfbp1, Fkbp1, Tubb2a, Ephx1 and Lpp) exhibited statistically signiˆcant increases of more than two-fold; 8 expression-increased genes at 4 h returned to the control level, 1 gene (Gadd45g) decreased and 3 genes (Tubb2a, Ephx1 and Lpp) increased. At 48 h, 10 genes (Cyp1a1, Cyp1a2, Bhlhe40, Hmox1, Tubb2a, Ephx1, Hhex, Ccnf, Rcan1 and Tubb4b) exhibited statistically signiˆcant increases of more than two-fold; 5 expression-increased genes at 4 h returned to the control level and 6 genes (Tubb2a, Ephx1, Hhex, Ccnf, Rcan1 and Tubb4b) increased. By Table 3 . Gene expression ratio (Exp/Cont) and Welch's t-test after chrysene administration The total RNA was extracted from the individual liver and used to prepare the cDNA. The expression of the 50 genes was quantiˆed by qPCR, and the gene expression ratio (exp/cont) of each gene was calculated. The results were analyzed by Welch's t-test (boldface with ** indicates signiˆcant at Pº0.01; boldface with * indicates signiˆcant at Pº0.05). The clusters in the table were sorted through unsupervised hierarchical clustering. The dark pink color shows the values that are higher than 2, and the light pink color shows the values that are higher than 1.5. The gene networks and their pathway functions were analyzed by IPA. The focus molecules (boldface) are the genes that were quantiˆed in the present study. The gene names are written as the names of the human genes (as in IPA). The score is explained in the section titled``Gene ontology, pathways, and network analysis'' in Materials and Methods. CYP2A13 is the human orthologue of mouse Cyp2a5.
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comparing the results, we noted the biggest diŠerences between 4 and 48 h: 11 genes (Ly6a, Gadd45g, Igfbp1, Lcn2, Casp4, Cdkn1a, Btg2, Ccng2, Fkbp5, Crp and Gadd45b) exhibited statistically signiˆcant increase more than two-fold only at 4 h and 6 genes (Tubb2a, Ephx1, Hhex, Ccnf, Rcan1 and Tubb4b) exhibited statistically signiˆcant increase more than two-fold only at 48 h. Unsupervised hierarchical clustering sorted all the above genes into four groups (clusters), as shown in Table 3 . Cyp1a1 and Cyp1a2 in the cluster denoted`o thers'' showed statistically signiˆcant remarkable increases at 4-48 h. The genes in clusters 1 and 2 showed an increasing tendency in their gene expression at 4 h, as conˆrmed by k-means clustering: 3 genes in cluster 1 (Gadd45g, Igfbp1 and Lcn2) and 5 genes in cluster 2 (Casp4, Cdkn1a Btg2, Bhlhe40 and Ccng2) showed statistically signiˆcant increases of more than two-fold. The genes in cluster 3 showed increases in their gene expression at 48 h, as conˆrmed by k-means clustering: 7 genes in cluster 3 (Hmox1, Tubb2a, Ephx1, Hhex, Ccnf, Rcan1 and Tubb4b) showed statistically signiˆcant increases of more than two-fold at 48 h. In Table 3 , the results found for Gapdh, a housekeeping gene, are shown. This gene was used to normalize the gene expression ratio, as this gene did not show changes in its expression.
The biologically relevant gene networks: The numerical data of all 50 examined genes were analyzed by IPA, and 7 gene networks were extracted for 4, 16, 20, 24 and 48 h time points. Of these 7 networks, the 3 major gene networks at 4 h are summarized in Table 4 as a representative result. Similar gene networks were extracted at 16, 20, 24 and 48 h. Fourteen genes (Btg2, Ccng1, Ccng2, Cdkn1a, Gadd45b, Gadd45g, Gapdh, Hhex, Hist1h1c, Mdm2, Pml, Psma3, Tubb2a and Tubb4b) were associated with network 1 and its``top diseases and functions'' were``cancer, hematological disease and cell cycle''. Thirteen genes (Bhlhe40, Casp4, Crp, Cyp1a1, Cyp1a2, Cyp2a5, Ddit4, Ephx1, Fkbp5, Gdf15, Hmox1, Lcn2 and Plk2) were associated with network 2, and its top functions were``drug metabolism, small molecule biochemistry, and endocrine system development and function''. Eight genes (Aen, Aldh3a2, Hprt, Jun, Lrp1, Phlda3, Pmm1 and Trp53) were associated with network 3, and the top functions of this network were``cell death and survival and cellular growth and proliferation''.
Discussion
In the present study we examined by qPCR the changes in gene expression in the mouse liver within 48 h induced by chrysene, a polycyclic aromatic hydrocarbon and genotoxic hepatocarcinogen. As a result, we observed three time-dependent patterns. Theˆrst one in cluster 1 and 2 in Table 3 showed that 11 genes (Gadd45g, Igfbp1 and Lcn2 in cluster 1 and Casp4, Cdkn1a, Btg2, Phlda3, Bhlhhe40, Egfr, Ccng2 and Mdm2 in cluster 2) exhibited statistically signiˆcant increases in their gene expression at 4 h. The biological processes to which these genes are associated or classiˆed are DNA damage, DNA repair, apoptosis, cell cycle, cell proliferation and oncogene. The second one in cluster 3 in Table 3 showed that 8 genes (Hmox1, Tubb2a, Ephx1, Lpp, Hhex, Ccnf, Rcan1 and Tubb4b) exhibited statistically signiˆcant increases in their gene expression at 48 h. The biological processes to which these genes are associated are DNA damage, apoptosis, cell cycle, cell prolifera-tion, oxidative stress, cell adhesion, aromatic compound metabolic process and microtubule-based process. The third one in the cluster``others'' in Table 3 showed that 2 genes (Cyp1a1 and Cyp1a2) exhibited a continuous gene expression increase from 4 to 48 h. The biological processes to which these 2 genes are associated are the toxin metabolism process and the oxidation-reduction process. It was reported that carcinogenic PAHs induced gene expression of Cyp1a1 and Cyp1a2 (16). Our results conˆrmed this. As in our previous advanced qPCR studies (8-10) we did not examine PAH, and we did not observe remarkable increases in these genes (8) (9) (10) . It was reported that Cyp1a1 and Cyp1a2 were regulated by arylhydrocarbon receptor (AhR) (16) . However, AhR was not extracted as a candidate marker gene in our previous DNA microarray studies, and gene expression of AhR was not determined in the present study. The present results revealed that marked gene expression changes can be observed in the mouse liver at 4 h and at 48 h after chrysene administration. These gene expression changes induced by chrysene were mostly increases in the examined 50 candidate genes; however, some of the genes, such as Ly6a, Gadd45g and Lcn2, exhibited bimodal gene expression. These bimodal phenomena have been scarcely reported. Therefore, further studies will be required to elucidate the roles of bimodal gene expression of these genes.
It has been reported that DNA damage and repair are observed a few hours (2-4 h) after carcinogen administration in the mouse liver, as determined by a UDS assay (11) and adduct formation (17) . DNA replication and cell proliferation have been observed approximately 48 h after carcinogen administration in the mouse liver, as determined by RDS assay (18) . Before our study, we hypothesized that the genes which exhibited changes at 4 h may be related to DNA damage and repair and that the genes that exhibited changes at 48 h may be related to cell proliferation. In the present study changes in gene expression associated with DNA damage and repair were observed at 4 h as we expected, while changes in gene expression related to cell proliferation were not concentrated at 48 h.
Twenty of the genes quantiˆed in this study have been reported to be directly or indirectly associated with (35) and Pmm1 (36)). Chrysene exhibited statistically signiˆcant increases of gene expression in 15 genes (Bax, Btg2, Casp1, Ccng1, Ccng2, Cdkn1a, Crp, Ephx1, Gdf15, Hmox1, Igfbp1, Lcn2, Mdm2, Phlda3 and Pmm1) and increase tendencies in 3 genes (Ddit4, Hspb1 and Pml) among these genes. However, the gene expression of Trp53 itself did not show changes from 4 to 48 h. In our previous studies (7) (8) (9) (10) , the gene expression of Trp53 scarcely changed in the mouse and rat liver 4 and 48 h and 28 days after the administration of genotoxic and non-genotoxic hepatocarcinogens. The basal gene expression of Trp53 in the control animals may already be su‹cient for DNA damage under the present experimental conditions. Recently, it was reviewed that post-translational modiˆcations of p53 including methylation, phosphorylation, acetylation, and ubiquitination aŠected the functions of p53 in response to cellular stress (37). As we described in the previous studies (9,10) the major, biologically relevant gene pathway suggested was the DNA damage response pathway, resulting from signal transduction by a p53-class mediator leading to the induction of apoptosis. Little is known about the acute expression changes of Trp53 in the rodent liver after exposure to hepatocarcinogens; in fact, only a few reports have suggested the activation of a Trp53-mediated signaling pathway after the administration of hepatocarcinogens (38) .
Although most of the 50 genes evaluated in the present study were also examined in our previous studies in the mouse liver (7-9), the results obtained for 9 of the genes (Lcn2 in cluster 1; Cyp2a5, Aldh3a2 and Casp4 in cluster 2; and Fkbp5, Crp, Tubb2a, Lpp and Hhex in cluster 3) were found only in the present study. In the present study, all of these genes exhibited statistically signiˆcant increases in their gene expression of more than two-fold at least once within 4 to 48 h after administration. These 9 genes were also selected from our previous DNA microarray results. Although 12 genes (Aen, Cyp4a10, Ddit4, Ddit4l, Hprt, Hspb1, Lrp1, Mbd1, Plk2, Pml, Psma3 and Rad52) did not show statistically signiˆcant changes in their gene expression in the present study, they showed statistically signiˆcant changes in their gene expression in response to the administration of 15 genotoxic hepatocarcinogens (7 N-nitroso compounds, namely diethylnitrosamine, diisopropanolnitrosamine, dimethylnitrosamine, dipropylnitrosamine, ethylnitrosourea, 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone, and N-nitrosomorpholine; 2-acetylamino‰uorene, o-aminoazotoluene, 2,4-diaminotoluene, dibenzo[a,l]pyrene, 4-dimethylaminoazobenzene, 7,12-dimethylbenz[a]anthracene, quinoline and urethane) in our previous studies (11) (12) (13) . Furthermore, Cyp1a1 and Cyp1a2 seem to be speciˆc markers for carcinogenic PAH and Ccng1 seems to be a useful marker for carcinogenic N-nitroso compounds. Although in our previous studies a considerable number of genotoxic hepatocarcinogens exhibited decreased-expression in Egfr, Lrp1 and Mbd1 but instead a signiˆcant increase in expression of these genes in the present study.
Although the number of published studies is limited, gene expression proˆling of the eŠects of hepatocarcino-gens in the experimental animal liver has been performed using DNA microarray and qPCR with diŠerent time courses (38) (39) (40) (41) . Ellinger-Ziegelbauer et al. examined the eŠects of four genotoxic hepatocarcinogens, namely dimethylnitrosamine, 2-nitro‰uorene, a‰atoxin B1 and 4-(methylnitrosamino)1-(3-pyridyl)-1-butanone, in the rat liver 1, 3, 7 and 14 days after administration using an AŠymetrix RG_U34 microarray (38) . Iida et al. examined the eŠects of the non-genotoxic carcinogens oxazepam and Wyeth-14643 in the mouse liver 2 weeks after administration using real-time PCR and oligonucleotide microarrays (39) . Kang et al. examined the eŠects of the genotoxic hepatocarcinogen MeIQx at weeks 4, 16 and 102 in the rat liver using an A‹metrix GeneChip Rat Genome 230 2.0 Array, observed no major diŠerences after 4 and 16 weeks administration, and found a few diŠerentially expressed genes in tumors at 102 weeks (40) . Woods et al. examined the eŠects of a non-genotoxic carcinogen, namely the peroxisome proliferator Wy-14,643, at 8, 24 and 72 h and 1 and 4 weeks in the mouse liver using an Agilent Mouse Oligo Microarray (41) . Each of these researchers performed diŠerential gene expression proˆling at diŠerent time points in the mouse or rat liver. However, there is scarce information on the acute gene expression changes (within 48 h) in the mouse or rat liver. The present results provide an example of the acute gene expression changes induced by a polycyclic aromatic organic carcinogenic compound in the mouse liver.
In conclusion, in the present study, we examined by qPCR the time-dependent changes in the gene expression proˆles in the mouse liver during a very early period (4, 16, 20, 24 and 48 h) after chrysene administration. We selected 50 candidate genes which discriminated genotoxic hepatocarcinogens from non-genotoxic hepatocarcinogens based on our previous DNA microarray studies, and we used these to determine the optimal examination time within a short period after the administration of the genotoxic hepatocarcinogen. Thirty-ˆve genes exhibited statistically signiˆcant increases at least once within theˆrst 48 h after administration. Cyp1a1 and Cyp1a2 exhibited remarkably consistent increases in gene expression during 4 to 48 h. At the 4-h and 48-h time points, 15 genes (Bhlhe40, Btg2, Casp4, Ccng2, Cdkn1a, Crp, Cyp1a1, Cyp1a2, Fkbp5, Gadd45b, Gadd45g, Hmox1, Igfbp1, Lcn2 and Ly6a) and 10 genes (Bhlhe40, Ccnf, Cyp1a1, Cyp1a2, Ephx1, Hhex, Hmox1, Rcan1, Tubb2a and Tubb4b), respectively, showed statistically signiˆcant increases of more than two-fold. Consequently, three time-dependent patterns in gene expression were observed within 48 h after chrysene administration in mouse liver: Cyp1a1 and Cyp1a2 exhibited consistent increases; the highest number of genes (15 genes) increased at 4 h; and 6 diŠerent genes expressed at 4 h increased at 48 h.
